Hypercholesterolemia is one of the most important risk factors for atherosclerosis and subsequent cardiovascular diseases. In the present study, the therapeutic effects of ginger and fish oil supplementation on serum lipid profile and kidney functions in high cholesterol diet-induced hypercholesterolemia in rats have been evaluated. The animals were divided into 4 groups of 12 rats each. Group I served as the control. Rats in groups II, III and IV were fed with an atherogenic diet for 8 weeks, group III received atherogenic diet supplemented with 5% ginger, group IV received atherogenic diet supplemented with 10 % fish oil. The treatment with ginger and fish oil results in significant reduction in elevated serum total cholesterol, triglycerides(TG), low density lipoproteins (LDL) and very low density lipoproteins (VLDL) and elevation in high density lipoproteins (HDL), marked modulation of atherogenic index (AI) has been noted. Also, there was significant reduction in serum urea, uric acid and creatinine levels which was markedly elevated by atherogenic diet. We concluded that dietry supplementation with ginger and/or fish oil have favorable effects on serum lipid parameters and kidney functions in hypercholesterolemic male rats.
Hypercholesterolemia is well known to be an independent risk factor for renal injury and to aggravate the pathogenesis of a variety of clinical and experimental renal diseases (Fadl Alla et al., 2014).
In the search for naturally occurring compounds, various efforts are now concentrated on many herbal plant extracts and natural products due to their potential to induce antioxidant activity and other biological functions that have several beneficial effects on the living organisms (Olorunnisola et al., 2012). Fish oil contains the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), precursors of certain eicosanoids, It was shown to have favorable modulatory effect on lipid metabolism (Hamadani et al., 2011). In addition, it has beneficial effect on the course of glomerular injury and was proven to have significant renal protective activity (Fernandez et al., 2004) . Ginger is considered one of the medicinal plants that have many functional properties that can affect positively many physiological functions (kumar and Sharma, 2014). Ginger was stated to reduce LDL concentration, increase in HDL and reduce triglyceride concentrations, Ginger can reduce the risk of heart disease due to the rich phytochemistry of ginger that includes components that scavenge free radicals produced in biological systems and led to decrease in lipid peroxidation. Also it led to reduction in renal nephropathy and has significant renal protective power (Afshari et al., 2007). Means ± S.E, (N) number of rats/group=12, Means within the same row having different superscript letters are significantly different at P < 0.05 Effect of Ginger and Fish oil on Urea, Uric acid and Creatinin concentration in hypercholesterolemic male rats Data illustrated in table (2) showed that the urea, uric acid and creatinin levels were elevated in hypercholesterolemic male rats if compared with treated groups and even control group. Upon supplementation of atherogenic diet with ginger and fish oil, urea uric acid and creatinin showed significant amelioration when compared with hypercholesterolemic group. As these groups showed significant decrease in urea, uric acid and creatinin levels if compared with hypercholesterolemic rats at P < 0.05. Means ± S.E, (N) number of rats/group=12, Means within the same row having different superscript letters are significantly different at P < 0.05 Histopathological findings:
Fig.1(Control):
Heart showing no histopathological alteration and the normal histological structure of the myocardial bundles (H&E X 400).
.
Fig.2 (Hyperchol.):
Heart showing Multiple focal areas of degeneration with inflammatory cells infiltration were detected in the myocardium (recent infarctions) associated with focal haemorrahges (H&E X 400).
Fig.3 (Hyperchol.+ Ginger):
The myocardium showed few focal degenerative change while others had less focal inflammatory cells infiltration (H&E X 400).
Fig.4 (Hyperchol.+Fish oil):
The myocardium showed few degenerative change associated with congestion in the blood vessels (H&E X 400). 
Discussion
In the present study, atherogenic diet feeding for 8 weeks was chosen as the experimental model of hypercholesterolemia. High fat diet containing 1 % cholesterol + 0.25 % bile salts was able to increase total cholesterol and LDL-C in Sprague Dawley rats likely by attenuation of bile acid production. Despite, such elevations alone will not promote atheroscelrosis unless a thyroid hormone inhibitor is added (thiouracil), Propylthiouracil inhibits thyroid hormone by blocking iodine oxidation resulting in decrease of lipid metabolism. The presence of bile salts aids cholesterol and fat Absorption, and also suppresses conversion of cholesterol to bile acids reduces removal of cholesterol and increases cholesterol levels (Shyam Sunder et al., 2010). These was found to be on line with our results illustrated in Table ( 1), as it shows that the highest cholesterol levels were recorded in the untreated hypercholesterolemic group if compared with control and rats receiving several treatments.
In addition, untreated hypercholesterolemic rats showed significant elevation in LDL-C, VLDL-C , AI and triglycerides if compared with control and all treated groups . However, it showed significant reduction in HDL cholesterol comparable with control group and those groups treated with ginger or fish oil . These results was found to agree with Murugaiah et al. Hypercholesterolemic rat model is represented for cardiovascular and cerebrovascular disease research, which can be established by feeding with 0.5%-1.0% cholesterol-supplement diet for several weeks. Dietary 0.5%-1.0% cholesterol can increase serum VLDL and LDL levels dramatically in rats. In this case, dietary cholesterol remarkably disturbed triglyceride (TG) metabolism (Wang et al., 2010) . Also, the high levels of LDL-C found in hypercholesterolemic rats, may be attributed to a down regulation in LDL receptors by cholesterol and saturated fatty acids included in the diet, moreover, this increase in LDL-C level after high fat diet consumption might be explained via involvement of two enzymes namely cholesterol ester hydrolase and cholesterol ester synthetase. These enzymes balance the cholesterol levels in the blood. With increased esterifying activity (when cholesterol ester hydrolase: cholesterol ester synthetase is lowered) cholesterol will be predominantly in its ester form (as in LDL-C) and can lead to the development and progression of atherosclerosis (Hussein et al., 2014) . Hepatic TG level is controlled mainly by TG synthesis, beta-oxidation and secretion in the form of lipoprotein. The hepatic TG accumulation by high dietary cholesterol was involved in the stimulation of fatty acid and TG synthesis in rats . Hepatic fatty acid betaoxidation is another factor to affect the hepatic TG level. Carnitine palmitoyltransferase 1 (CPT1) is the rate-limiting enzyme of the mitochondria beta-oxidation pathway, hepatic CPT1 activity mRNA levels were inhibited drastically by the cholesterol treatment. Those results demonstrated that the cholesterol administration reduced fatty acid catabolism, which may account for the enhancement of hepatic TG level (Wang et al., 2010) . AI or LDL/HDL cholesterol ratio is one of the important components and indicators of vascular risk, the predictive value of which is greater than the isolated parameters. In this respect, an increase in total cholesterol concentration, and specifically LDL cholesterol, is an atherogenic lipid marker, whereas reduced HDL cholesterol concentration is correlated with numerous risk factors, including the components of the metabolic syndrome (Millán et al., 2009 ). Histopathological findings of hypercholesterolemic group in fig.2 showed multiple focal areas of degeneration with inflammatory cells infiltration were detected in the myocardium (recent infarctions) associated with focal haemorrahges , The myocardial vascular wall was thick and showed vacuolization in the media. While fig.6 showed diffuse vaculaization in the media in the vascular wall of aorta.These findings agree with Munshi et al . (2014), they recorded that The hypercholesterolemic (HC) rats showed histopathological changes representing structural alterations of the aortic wall indicating development of atherosclerotic changes . Similarly, the myocardial tissue was found to be damaged in the Hypercholesterolemic diet group. (Suanarunsawat et al., 2011) . Data presented in our study revealed that Ginger treatment increase the activity of liver microsomal aryl hydroxylase (AHH), and bile acid secretion. 7a-Hydroxylase is the ratelimiting enzyme in the catabolic conversion of cholesterol to bile acids in the liver. The activation of this enzyme by ginger, increases bile acid secretion and in turn decrease the concentration of serum cholesterol observed in the ginger-treated rats (Murugaiah et al., 1999 and Olubunmi, 2011).
Whereas ginger treatment decreased the concentration of both LDL and VLDL in these rats, ginger is known to have strong antioxidant activity and thus it may prevent LDL oxidation in the serum, thus allowing normal binding of LDL to its receptors, permitting its uptake, and lysis by the cells. Thus, the LDL concentration of plasma may be decreased in ginger treated animals (Murugaiah et al., 1999 and Stoilova  et al., 2007) . And HDL-C increased significantly (Olubunmi, 2011). Administration of ginger showed significant decrease in plasma leptin levels in hyperlipidemic and diabetic rats. These explained due to gingerol which is a major chemical component of the ginger rhizome cause decreased in plasma leptin levels (Saravanan et al., 2014)so that led to elevationin HDL-C and may also due to ginger behaves like hypocholesterolaemic agents (Omnia, Abd El-Hamid et al., 2015). Though the atherogenic index was increased on feeding the atherogenic diet, it significantly decreased in rats treated with ginger, emphasizing the protective role of ginger in atherosclerosis (Murugaiah et al., 1999) . Results revealed that there is lowering in the concentration of serum triglycerides on ginger supplementation if compared with hypercholesterolemic group , this may have resulted from stimulation of the skeletal muscle lipoprotein lipase and adipose tissue hormone-sensitive lipase activity by ginger administration , leads to increase in the uptake of plasma triglycerides by skeletal muscle and adipose tissue. Also, decreased levels of free fatty acids on ginger supplementation may also be a cause for reduced triglyceride levels, because ginger has an inhibitory action on the lipogenic enzymes (Murugaiah et al., 1999: Olubunmi, 2011). Histopathological findings of the GINGER treated group in fig.3 showed that myocardium has few focal degenerative change while others had less focal inflammatory cells infiltration. On the other hand, aorta in fig.7 revealed few vacuolization detected in the media. These results in accordance with (Ilkhanizadeh et al., 2016, they recorded significant amelioration of changes in the heart structure upon ginger treatment. The findings indicated that ginger extract significantly reduces heart structural abnormalities.
Data presented in this study revealed significant reduction in serum cholesterol, LDL,VLDL triglycerides, significant elevation in HDL cholesterol and significant improvement in atherogenic index after administration of fish oil to hypercholesterolemic rats. These results agree with Luka and Mohammed , 2013 and AbdelMoneim et al.., 2015. Fish oil containing EPA and DHA long chain polyunsaturated fatty acids(PUFAs) was able to reduce serum tri-acylglycerol (TAG) and cholesterol and increased secretion of cholesterol, phospholipids and bile acids in rats , however most of cholesterol secreted in the form of HDL (Morgado et al., 2005) . The n-3 fatty acids stimulate cholesterol secretion into bile salts, which can give reason why fish oil intervention showes no increase in serum cholesterol. In addition, de Castro et al. (2015) reported that serum TAG, total cholesterol and HDL cholesterol were higher in fructose fed rats and fish oil reversed these alterations. Also, these groups have lower non-HDL cholesterol, which indicates a significant reduction in more atherogenic lipoproteins. N-3 fatty acids was recorded to upregulates lipogenic gene expression of (SREBP-1c) and (ChREBP) are major transcriptional regulators that induce key lipogenic enzymes to promote lipogenesis in the liver (de Castro et al., 2015 ) . The increase in HDL-C observed in our study, might be due to stimulation reverse cholesterol transport as demonstrated by previous study ( Makni et al.,  2008) . fish oil administration in hyperlipidemic rats inhibits the activity of 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoAreductase) , which is the rate-limiting enzyme in cholesterol biosynthesis (Luka and Mohammed , 2013) In addition, fish oil treated group in fig.4 showed focal few inflammatory cells infiltration was detected in the myocardium. The subpericardium blood vessels were congested while the deep myocardial one showed thick hypertrophied wall with vacuolar endothelium . Aorta in fig.8 showed focal few vacuolization in the media. These results in parallel with Park and Park (2009). Moreover, Rahman et al., 2016 recorded that dietary supplementation of fish oil to hypercholesterolemic rats led to alleviation of the myocardial injury induced by hypercholesterolemia.
Data presented showed significant elevation in serum (urea, uric acid and creatinine) in hypercholesterolemic group comparable with control and all treated groups. Recent studies have shown that orally feeding animals with high fat diet for a period of time can raise their cholesterol, increase production of low density lipoprotein cholesterol (LDL-C) and promote the de novo synthesis of purine nucleotide. This will eventually lead to increased generation of uric acid while its excretion is decreased (Pang et  al., 2017) . Another study found that high cholesterol levels can also cause oxidative stress, and uric acid production was accelerated in case of oxidative stress, which ultimately leads to elevated serum uric acid levels (Bainbridge and Roberts, 2008). Urea and creatinine levels are considered as markers of kidney injury when they are elevated in blood (Khan et al., 2010). Kidneys remove metabolic waste products such as urea, uric acid, creatinine , so body fluids homeostasis are maintained. It has been suggested that the concentrations of the metabolites increase in blood during renal diseases or renal damage may be due to enhancement in the activities of xanthine oxidase, lipid peroxidation, and increased triacylglycerol and cholesterol levels ( 
